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Graphite-furnace atomic absorption spectrometry (GFAAS) has been widely used for the direct determination of Cd in urine, owing to its high sensitivity, speed and minimal contamination risks. However, the direct determination of Cd by GFAAS is not easy. Most of the difficulties can be explained by the combination of the matrix urine with a relatively high inorganic salt concentration and analyte, cadmium, that has a relatively high volatility. It can be concluded from recent studies that the most promising technique is to use matrix modifiers for volatilizing Cd at a temperature that leave inorganic salts in the graphite tube. Until now, several matrix modifiers, such as ammonium phosphates, ammonium nitrate and sulfate, magnesium nitrate, nitric acid, sodium hydroxide and palladium salts, have been used in the determination of Cd in various matrices by GFAAS. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Among these modifiers, palladium, which was first reported by Shan and Ni 11 , has experienced increasing interest for the determination of volatile elements by GFAAS. [7] [8] [9] [10] [11] [12] [13] Recent studies have indicated that the stability effect of palladium for volatile elements is concerned with its metallic form. 9, [13] [14] [15] [16] Therefore, palladium as a modifier is commonly used under reducing conditions. Palladium has been used with several reducing agents together, such as hydrazine, hydroxyl ammin hydrochloride and ascorbic acid. To the best of our knowledge, hitherto, palladium has not been combined with sodium azide as a reducing agent.
The aim of present work was to experimentally evaluate the applicability of palladium combined with sodium azide for the determination of cadmium in urine.
Experimental

Apparatus
A Hitachi (Model Z-8000) atomic absorption spectrometer with a Zeeman-effect background corrector equipped with a Hitachi Model graphite furnace atomizer (part No. 180-7400, uncoated tubes) was used through this work. The peak area (integrated absorbance) and peak height were automatically printed out and displayed using a Hitachi data processor. However, the peak-area absorbances were used to evaluate cadmium and the background absorbances. For cadmium, a hollow cathode lamp wavelength was set up 228.8 nm and a slit width to 0.7 nm. Argon served as a sheath gas at a flow rate of 200 ml min -1 . The absorbance of the atomization was measured without argon gas flow.
Samples of 10 µl during the study were injected into the furnace using Eppendorf microliter pipettes with disposable polypropylene tips. The mass of the injected cadmium in the linear range of the calibration curve was 40 pg for optimization and comparison studies.
Reagents and solution
All reagents were from E. 
Sampling
Urine samples were collected from voluntary workers in two different departments of an electrorefing copper factory and in 1 l reagents bottles precleaned with nitric acid and then rinsed with water. The samples were refrigerated at 4˚C until their analysis.
Procedure
To 1 ml of an untreated urine sample contained in a 2 ml Pyrex-glass volumetric flask were added 250 µl of 8000 mg l -1 Pd and 500 µl of 4000 mg l -1 NaN 3 . The volume was made up to 2 ml with 1% HCl and the flask stoppered; the solution was then vigorously shaken for 3 -4 min. A 10 µl aliquot of this solution was injected into a uncoated graphite tube. The cadmium in the solution was determined by reference to linear calibration curves prepared from 2 ml of standards including cadmium in a concentration range of 0 -8 µg l -1 and 2000 µg for each of Pd and NaN 3 .
For recovery studies, experiments were performed on urine samples two-fold diluted adding 2000 µg of Pd, 2000 µg of NaN 3 and 1% HCl in the same way as mentioned above plus cadmium in the range 0 -4 µg l -1 Cd.
Results and Discussion
Since the sample of interest contains a high concentration of chlorides, it was decided to use 1% hydrochloric acid in a preparing of the analyzing solutions as well as the modifier solutions. In addition, a new tube or a similar tube in age was used for each comparative experiment. This is necessary to overcome the effects of aging, which affect the temperature profiles of the tube. Forty picograms of cadmium together with 10 µg of Pd and NaN 3 was injected as a 10 µl solution. These preconditions in subsequent experiments were applied unless otherwise stated.
Amount of matrix modifier components
At once, the effect of using various amounts of palladium, between 2 and 20 µg in 10 µl of the injected solution, on the absorbances of cadmium was evaluated under the working conditions of Cd in a 1% HCl solution, found with preliminary experiments; drying from 80 to 110˚C (20 s), ashing 400˚C (15 s) and atomization 1500˚C (6 s). It was found that the absorbances of cadmium increase from 2.5 µg to 9 µg of palladium, and then remain at almost the same values over the range of 9 -12 µg Pd. After 12 µg of Pd, a decrease in the absorbances was observed. This negative effect may be associated with bulkiness. As a result, 10 µg of palladium was taken as the optimal amount to give the best stabilization or the highest absorbance for cadmium.
Some workers concluded that the use of palladium as a modifier is necessary under reducing conditions. [13] [14] [15] [16] This probability was also investigated using sodium azide, NaN 3 as a reducing reagent. Under conditions optimized in the presence of 10 µg Pd (ashing, 500˚C; atomization, 1500˚C), the effect of different amounts of sodium azide on the absorbance of cadmium was investigated. Although the absorbances of Cd enhanced up to 10 µg of NaN 3 with increasing amounts of the agent, there was no further improvement in the absorbances from 10 to 20 µg of NaN 3 . In this case, the optimum amount of NaN 3 was also taken as 10 µg.
Stabilizing effects of Pd-NaN 3 modifier
The thermal pretreatment curves, i.e., the influence of the thermal pretreatment temperature on the absorbance signals, for cadmium in 1% HNO 3 and 1% HCl solutions without a modifier, and for Cd in a 1% HCl solution including Pd alone and Pd plus NaN 3 as a modifier, for Cd in two-fold diluted urine including Pd alone and Pd plus NaN 3 are depicted in Fig 1. In absence of modifiers, severe analyte loss occurs, even at the low pyrolysis temperatures. The effect of chloride, as expected, is obviously seen from a comparison of the maximum attainable pyrolysis temperatures, and the absorbances obtained for Cd in 1% HNO 3 and 1% HCl matrices. A large absorbance drop caused by the presence of chloride is observed even if the presence of Pd alone increases relative to the pyrolysis temperature. However, a substantial increase in the maximum attainable pyrolysis temperature was obtained when the combination of Pd and NaN 3 was used. Also, the absorbance was enhanced under the reducing condition. These data show, as indicated by others 17 , that a reducing agent is necessary in the use of Pd as a modifier over the range of 400 -550˚C. The absorbances of Cd obtained in a 1% HCl solution including a mixed modifier was approximately the same as the absorbances 570 ANALYTICAL SCIENCES JUNE 1999, VOL. 15 obtained in the absence of chloride, i.e., in a 1% HNO 3 solution without a modifier. However, the maximum pyrolysis temperature of Cd in a 1% HNO 3 was 550˚C.
In that case, it can be concluded that the effect of chloride is clearly removed with the mixed modifier. On the other hand, over 400˚C a rapid enhancement of the absorbances for Cd was observed in the presence of Pd alone and Pd plus NaN 3 . It may be explained as being due to the formation of intermetallic compounds between Cd and Pd. Until the melting points of these possible compounds, the vaporized amounts of Cd increase and produce an enhanced absorbance value. The loss of Cd over 900 -1000˚C may be due to melting point of these compounds. 18 A similar discussion has been made for Pd-As and Ni-Se systems. 19 It is well known that palladium with magnesium nitrate can be a useful modifier for several elements, but without using reduced palladium. 11 Also, this possibility was examined concerning the atomization of Cd from the wall of a graphite tube in this work. No effect of magnesium nitrate on the signals of Cd in the presence of Pd was markedly observed, because it did not increase the ashing temperature. These results confirm early reports by others. 4, 9 The appearance temperatures for cadmium in the absence and presence of Pd plus NaN 3 were found to be above 700˚C and 1200˚C, respectively. The appearance times without a modifier and with a modifier were obtained as 1 s and 1.5 s, respectively. These data indicate that the vaporization of Cd was retarded by the mixed modifier.
Influence of inorganic salts on absorbance of cadmium
NaCl, CaCl 2 and MgCl 2 are the most frequently encountering inorganic salt matrices and cause interference due mainly to the molecular absorbances over a wide range of wavelength. 20 Besides, since these salts are the major components of urine, the influences of increasing amounts of NaCl, CaCl 2 and MgCl 2 on the signal of cadmium without any modifier are showed in Fig. 2 . At 2 µg of NaCl, the absorbance of Cd markedly decrease without a modifier. Then, the absorbance gradually decreases from 2 µg to 30 µg of NaCl. After 30 µg, the increase of absorbance for Cd is due to an over background that is not corrected by a Zeeman background corrector. In contrast to this, sodium chloride in the presence of the mixed modifier has no influence, even at 40 µg level (Fig. 3) . The background absorbance at 40 µg of NaCl is easily correctable by Zeeman background corrector.
On the other hand, the effect of CaCl 2 and MgCl 2 on the absorbance of cadmium without a modifier was similar to that of NaCl. In contrast to NaCl, the absorbances gradually decrease up to 100 µg (Fig. 2) . In the presence of a modifier, MgCl 2 has no influence on the absorbance up to an amount of 50 µg. The effect of CaCl 2 on the absorbance of Cd is not observed in over the range of 0 -150 µg. If the tolerable amounts of three salts are compared with their contents in urine, it can be concluded that a cadmium determination in the presence of a modifier is not affected by the inorganic salt contents of urine.
Applicability of a Pd/NaN 3 modifier for an urine analysis
The applicability of the proposed matrix modifier mixture to the determination of cadmium in urine was 571 ANALYTICAL SCIENCES JUNE 1999, VOL. 15 evaluated. To do so, at once, the thermal pretreatment curves obtained for Cd in two-fold diluted, analyzing, urine sample and in 1% HCl, including the mixed modifier were compared (Fig. 1) . As can be expected, the absorbance of Cd in urine is higher than that of Cd in 1% HCl, due to the content of Cd plus the additive Cd in the urine. From the thermal pretreatment curve for cadmium in urine compared with those for cadmium in 1% HCl, it is obvious that for a urine analysis the maximum applicable ashing temperature is decreased from 900˚C to 750˚C. However, the absorbance values obtained with increasing thermal pretreatment temperatures for two matrices also varied in parallel over the range of 400 -750˚C prolysis temparature. The absorbances vary in parallel, and the similar temperatures indicate that the matrix effect does not produce any variation of the cadmium stabilization due to the Pd-NaN 3 modifier. The above findings were also confirmed by recovery experiments and a comparison of the slopes of standard addition lines and matrix-free calibration lines. The quantitative recoveries (≥95%) were obtained for urine samples spiked with 0.5 -4.0 µg l -1 of cadmium, using matrix-free standards, including the Pd-NaN 3 modifier system ( Table 1) . The regression equations calculated for the standard addition and matrix-free calibration lines were y=0.0229x+0.0048 (r=0.9953) and y=0.0232x+0.0045 (r =0.9970), respectively, indicating that the observed small difference in the slopes is not important. The regression coefficients were higher than 0.9950 for both calibration graphs. While a linear regression can be used up to 4 µg l -1 in 1% HCl without a modifier, in the presence of a mixed modifier it can be applied up to at least 8 µg l According to findings mentioned above, it was concluded that the determination of cadmium in urine can be performed against matrix-free standard solutions.
Determination of cadmium in urine
In the absence of a standard urine reference material certified for Cd an indirect measurement of the accuracy could be obtained in terms of recovery and comparison studies. Table 1 shows that the recoveries from a urine sample spiked with various levels of cadmium are quantitative. In a comparison study, the concentration of cadmium found by the proposed method was compared with those found by Co-DDTC coprecipitation combined with flame AAS. 21, 22 At the 95% confidence level, there is no significant difference between the two procedure means in Table 2 . 23 The method, using palladium-NaN 3 as the modifier, given under the experimental was applied to the determination of cadmium in urine samples taken from the workers in the different departments of an electrolytic copper factory. The determination of cadmium was carried out by aid of matrix-free standards. The obtained cadmium concentrations are given in Table 2 . The relative standard deviations for the proposed method and the reference method varied over the range of 3.2 -4.3% and 3.8 -7.0%, respectively. The detection limit, defined as three-times the standard deviation of the procedural blank signals (n=20) was calculated to be 0.16 µg l -1 Cd.
From the above results, the applicability of a palladium-sodium azide modifier to the direct determination of cadmium in urine can be concluded from the recoveries, from a comparison of the regression equations and the absorbances varying along with an increase in the prolysis temperature in 1% HCl and urine. Also, the accuracy was confirmed with a reference method. The determination of Cd by using the mixed modifier can be carried out against matrix-free standard solutions. The linear range of the calibration curve is also extended from 4 µg l -1 to 8 µg l -1 level of Cd by the PdNaN 3 modifier. The attainable maximum prolysis temperature (ca. 900 -1000˚C) was almost the same as the other modifiers recommended for cadmium. 
